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Abbreviations
Arg-1  Arginase-1
bio-HMGB1  HMGB1 purify from the MCF-7 cell cultur-

ing (FBS free) supernatant
ECL  Electrochemiluminescence
EP  Ethyl pyruvate
GAPDH  Glyceraldehyde 3-phosphate dehydrogenase
G-MDSC  Granulocytic-MDSC
HMGB1  High mobility group box 1
IMCs  Immature myeloid cells
iNOS  Inducible nitric oxide synthase
LAL  Limulus amebocyte lysate
mAb  Monoclonal antibody
MCF-7  Human breast cancer cell line
M-MDSC  Monocytic-MDSC
PNGase  Peptide N-glycosidase
PVDF  Polyvinylidene difluoride
RAGE  Advanced glycation end-products
rHMGB1  Recombinant HMGB1
S-A  MCF-7 cell culturing supernatant  

anti-HMGB1 B box mAb
SD  Standard deviation
S–E  MCF-7 cell culturing supernatant with EP

Introduction

Cancer development is dependent on intrinsic changes 
as well as inflammatory factors in the tumor microenvi-
ronment. The inflammatory milieu contributes to cancer 
progression. Increasing reports have demonstrated that 
tumor milieu is immunosuppressive; which abrogates the 

Abstract Myeloid-derived suppressor cells (MDSC) con-
stitute the major cell population that regulates immune 
responses. They are known to accumulate in tumors, 
chronic inflammatory and autoimmune diseases. Previ-
ous data indicate that high mobility group box 1(HMGB1) 
facilitates MDSC differentiation from bone marrow, sup-
presses NK cells, CD4+ and CD8+ T cells and is involved 
in cancer development. However, it remains unclear what 
potential mechanisms of HMGB1 facilitate MDSC dif-
ferentiation. In the present work, we clearly demonstrate 
that HMGB1 secreted by cancer cells is N-glycosylated 
at Asn37, which facilitates monocytic (M)-MDSC dif-
ferentiation from bone marrow via the p38/NFκB/Erk1/2 
pathway and also contributes to conversion of monocytes 
into MDSC-like cells; HMGB1 blockade by a monoclonal 
antibody against the HMGB1 B box obviously reduced the 
accumulation of M-MDSC in tumor-bearing mice, delay-
ing tumor growth and development; additionally, MDSC 
expansion and HMGB1 up-regulation were also found in 
breast cancer patients. All these data indicate that HMGB1 
might be a potential tumor immunotherapy target.
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beneficial immune response, and nourishes tumors. Cumu-
lative evidences indicate that the most “powerful players” 
in turning off the immune response are immature myeloid 
cells (IMCs), also termed non-polarized or “resting” mye-
loid-derived suppressor cells (MDSC) [1]. MDSC repre-
sent a heterogeneous population that consists of myeloid 
progenitors and differentiates into mature macrophages, 
dendritic cells (DCs), and neutrophils while losing their 
suppressive phenotype [1, 2]. In mice, MDSC are charac-
terized by CD11b+Gr-1+ and can be subdivided into two 
different subsets: CD11b+Ly6G+Ly6Clow (granulocytic-
MDSC, G-MDSC) and CD11b+Ly6G−Ly6Chigh (mono-
cytic-MDSC, M-MDSC) [3]. In contrast, in cancer patients, 
MDSC are defined by expression of the common myeloid 
marker CD33 but lack expression of mature myeloid and 
lymphoid cell markers [4].

Polarized MDSC infiltrate and accumulate at inflam-
matory sites, and contribute to systemic and site-specific 
immunosuppression. It is not yet fully clear how MDSC 
expand and transform into harmful immunosuppressive 
MDSC in the periphery. However, it is well established that 
inflammatory factors such as, TNF-α, IFN-γ, IL-1β, IL-6, 
and TGF-β [5–8], play critical roles in inducing of MDSC 
polarization and blocking their differentiation. The pub-
lished data also indicate that high mobility group box pro-
tein 1 (HMGB1), as a chaperone or an inducer for many 
proinflammatory molecules, can drive MDSC differentia-
tion [9]. HMGB1, as a non-histone chromosomal-binding 
protein, is organized into two DNA-binding domains (A 
box and B box) and a negatively charged C-terminus. The 
A box and B box are similar in conformation. Structure–
function analysis showed that the B box confers proinflam-
matory activity, whereas the A box acts as a specific antag-
onist by attenuating HMGB1 B box induced secretion of 
proinflammatory cytokines [10, 11]. Additionally, HMGB1 
has a significant role in maintaining a stable nuclear struc-
ture, contributing to development of inflammation and cell 
differentiation [12, 13]. As a crucial hallmark of cancers 
[14], HMGB1 has been verified in many cancers, such as 
breast cancer [15], prostate cancer [16], hepatocellular car-
cinoma [17], gastric cancer [18], and lung cancer [19].

Previous data also indicate that HMGB1 facilitates 
MDSC differentiation from bone marrow and enhances 
MDSC immune suppression activity, such as suppress-
ing CD4+ and CD8+ T cells as well as NK cells [9, 20]. 
However, some questions remain unclear for example: (1) 
the mechanisms by which HMGB1 facilitates MDSC dif-
ferentiation from bone marrow; (2) the other potentiality 
of HMGB1 to induce MDSC expansion in cancer tissues; 
and (3) whether HMGB1 preferentially drives G-MDSC or 
M-MDSC differentiation. In the present work, we clearly 
demonstrated that: (1) N-glycosylated HMGB1 secreted by 
cancer cells facilitated M-MDSC differentiation from bone 

marrow via p38/NFκB/Erk1/2 pathway and also contrib-
uted to conversion of monocytes into MDSC-like cells; (2) 
HMGB1 blockade obviously reduced the accumulation of 
M-MDSC in tumor-bearing mice, delaying tumor growth 
and development; (3) MDSC expansion and HMGB1 up-
regulation were also found in breast cancer patients.

Materials and methods

Mice and cell lines

BALB/c and nude BALB/c female mice (6 weeks old) were 
purchased from the Animal Center of Yangzhou Univer-
sity and maintained in the Animal Center of Jiangsu Uni-
versity in compliance with the Guide for the Care and Use 
of Laboratory Animals” [NIH,76 FR 91 (May 11, 2011)]. 
The experimental protocol was approved by Jiangsu Uni-
versity ethics committee. The human breast cancer cell line 
(MCF-7) was cultured in DMEM supplemented with 10% 
fetal bovine serum (FBS; Hyclone, Logan, UT, USA) and 
0.01 mg/mL insulin at 37 °C in a humidified atmosphere of 
5% CO2.

Reagents

Phospho-antibodies (Abs) against Erk1/2 (p44/42), P38, 
NF-κB (p65), stat3 and corresponding total antibodies are 
obtained from Cell Signaling Technology (Danvers, MA, 
USA). U0126, SB203580, PDTC and niclosamide (inhibi-
tors of Erk1/2, P38, NF-κB and Stat3, respectively) were 
purchased from univ-bio (Shanghai, China); ethyl pyruvate 
(EP), an inhibitor of HMGB1 secretion, was obtained from 
GenePharma (Shanghai, China); recombinant HMGB1 
(rHMGB1) was obtained from HMGbiotech, with a purity 
of >95% and free from lipopolysaccharide (LPS) (Cam-
brex Limulus Amoebocyte Assay QCL-1000, <0.4 ng LPS 
per mg protein). Bio-HMGB1 was purified from MCF-7 
cell conditioned medium by saturated ammonium sulfate 
precipitation and further purification by affinity chroma-
tography. The isoform of HMGB1 was disulfide; endo-
toxin activity was detected by Limulus Amoebocyte Lysate 
(LAL) test, and the result was <1 EU/µg, which indicates 
that the protein is LPS free. IL-10 and HMGB1 detection 
kits were obtained from R&D Systems (Minneapolis, MN, 
USA) and Chondrex (Shanghai, China), respectively.

Tumor inoculations, tumor measurements, 
and treatment

Nude mice were inoculated subcutaneously in the flank 
with 1 × 107 MCF-7 breast cancer cells. For HMGB1 
blockade on Day 1 (D1) or Day 14 (D14) after inoculation, 
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100 µg/mouse i.p. neutralizing monoclonal antibody 
(mAb) against HMGB1 B box or 100 µg/mouse i.p. IgG2 
mAb was administered every other day according to our 
laboratory protocol until the mice were killed [21]. The 
neutralizing mAb against HMGB1 B box was produced by 
the hybridoma technique and purified by protein-A affinity 
chromatography from ascites of BALB/c mice. The valence 
was 106, and the isotype of mAb was IgG2a, κ chain. 
Tumors were measured in two perpendicular diameters 
every three days. Tumor volume = (a × b2)/2 with “a” as 
the long diameter and “b” as the short diameter. All tumors 
were weighed when the mice were killed.

Patients and samples

Peripheral blood was collected from 10 breast cancer 
patients (42 ± 3 years; 100% female) enrolled in the Affili-
ated Fourth People’s Hospital of Jiangsu University (Zhen-
jiang, China). All the patients were diagnosed with stage 
IV primary breast cancer without distant metastasis. Five 
healthy volunteers were also included in this study. All pro-
cedures performed in studies involving human participants 
were in accordance with the ethical standards of the Com-
mittee for Ethical Affairs of Jiangsu University (Zhenjiang, 
China) and with the 1964 Helsinki declaration and its later 
amendments or comparable ethical standards. Additional 
informed consent was obtained from all individual partici-
pants for whom identifying information is included in this 
article.

Western blotting

Total protein extracts were prepared using the Total Pro-
tein Extraction Kit (KeyGEN BioTECH, Shanghai, China). 
Equal amounts of protein were separated by 12% sodium 
dodecyl sulfate polyacrylamide electrophoresis (SDS-
PAGE) before being transferred to polyvinylidene dif-
luoride (PVDF) membranes. The membranes were blocked 
with 5% non-fat dried milk in tris-buffered saline (TBS) 
containing 0.1% Tween 20 and incubated with specific pri-
mary antibodies against HMGB1, p-Erk1/2, Erk1/2, p-p38, 
p38, p-p65, p-65, p-Stat3, Stat3 and GAPDH or β-actin 
overnight at 4 °C. After washing, HRP-labeled secondary 
antibodies were added for 1 h at 37 °C. Detection was per-
formed by electrochemiluminescence (ECL) and relevant 
blots quantified by densitometry using the accompanying 
computerized image analysis program (Amercontrol Bio-
sciences, San Francisco, CA, USA).

MDSC generation from bone marrow cells

Bone marrow was flushed aseptically from femurs with 
serum-free medium using a syringe, and red blood cells 

(RBCs) were lysed with red blood cell lysis buffer. Cells 
were cultured with 1 × 106 cells/mL in 6-well plates at 
37 °C in a humidified atmosphere of 5% CO2 in medium 
consisting of DMEM supplemented with 10% FBS, 80 ng/
mL IL-6, and 80 ng/mL GM-CSF. After 2 days of culture, 
all the cells were gated and stained by fluorochrome-con-
jugated CD11b and Ly6C mAbs, and the ratios (%double 
positive cells/gated cells) were determined by flow cytom-
etry. For the MDSC frequency of tissues from cancer-
bearing mice, all the cells were collected following diges-
tion of the tissues by trypsin and lysis of red blood cells 
with red blood cell lysis buffer. The analysis of MDSC 
frequency was performed by flow cytometry. The details 
are as follows: according to the manufacturer’s protocol, 
single-cell suspensions were stained with relevant fluoro-
chrome-conjugated mAbs against CD11c, F4/80, CD11b, 
Ly6C (Becton–Dickinson, Shanghai, China) and incu-
bated for 30 min at 37 °C. Flow cytometry was performed 
using a FACSCalibur flow cytometer (Becton–Dickinson, 
Shanghai, China).

Identification of glycosylation sites by LC–MS/MS

HMGB1 was fractionated by 12% SDS-PAGE, and the 
protein bands were visualized by Coomassie blue stain-
ing. The lanes were excised for in-gel deglycosylation. 
HMGB1 gel pieces were soaked in 50 mM ammonium 
bicarbonate containing 100 U/mL peptide N-glycosidase 
(PNGase) overnight at 37 °C. Then, the gel pieces were 
dried with 100% acetonitrile and rehydrated with 10 ng/
µL trypsin (sequencing grade, Promega, Madison, WI, 
USA) in 25 mM ammonium bicarbonate or 25 ng/µL chy-
motrypsin (Roche Molecular Biochemicals, Basel, Swit-
zerland). Enzymatic digestion was performed overnight 
at 37 °C (trypsin) or 25 °C (chymotrypsin). The deglyco-
sylated peptides were analyzed by an LC-20AB system 
(Shimadzu Corp., Kyoto, Japan) connected to an LTQ-
Orbitrap XL mass spectrometer (Thermo Fisher Scientific, 
Waltham, MA, USA) interfaced with an online nano-elec-
trospray ion source (Michrom Bioresources, Auburn, CA, 
USA). All MS/MS data were searched against the human 
SWISS-PROT database using the Sequest algorithm incor-
porated into Bioworks software (Version 3.3.1, Thermo 
Fisher).

Statistical analysis

All statistical analyses were performed using Graph Pad 
Prism (Graphpad Software Inc., La Jolla, CA, USA). Data 
are expressed as the mean ± standard deviation (SD). Stu-
dent’s t test or one-way ANOVA with Bonferroni correc-
tion was used to determine statistical significance. For all 
tests, p < 0.05 was considered statistically significant.
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Results

Bio-HMGB1 characterized by N-glycosylation 
preferentially drove M-MDSC differentiation 
from bone marrow progenitor cells

First, the level of bio-HMGB1 was analyzed. As shown in 
Fig. 1a, MCF-7 cells secreted high levels of bio-HMGB1 in 
the culture supernatant; however, after addition of EP, bio-
HMGB1 secretion was obviously inhibited. Furthermore, 
an N-glycosylation site at Asn37 of bio-HMGB1 has been 
also identified. Similar N-glycosylation was identified in 
serum of cancer-bearing mice and patients (Fig. 1b). Addi-
tionally, two N-glycosylation sites: Asn37 and Asn 115 
were also found on HMGB1 secreted by monocytes/mac-
rophages in experimental autoimmune myocarditis (data 
not shown).

To determine whether HMGB1 contributes to MDSC 
expansion, bone marrow progenitor cells were exposed to 
bio-HMGB1, IL-6 + GM-CSF, or recombinant HMGB1. 
As negative controls MCF-7 cell supernatant with EP 
(S-E) and MCF-7 cell supernatant with anti-HMGB1 B 
box mAb (S-A) were used. As shown in Fig. 1c, rHMGB1, 
bio-HMGB1 and IL-6 + GM-CSF all obviously increased 
the proportions of MDSC (15.49 ± 1.28, 18.51 ± 1.07 
and 16.27 ± 1.15%, respectively) from bone marrow 
progenitor cells compared with control (5.31 ± 1.39%; 
p < 0.05). There were no obvious differences among the 
rHMGB1, IL-6 + GM-CSF and bio-HMGB1 groups. In 
contrast, in the S-E and S-A groups, the proportions of 
MDSC (8.12 ± 1.77%, 7.95 ± 1.43%, respectively) were 
significantly decreased compared with the bio-HMGB1 
group.

Furthermore, bio-HMGB1 preferentially drove M-MDSC  
(10.47 ± 1.23%) differentiation from bone marrow progen-
itor cells compared with the rHMGB1 group (5.27 ± 0.86; 
p < 0.05); although the proportion of G-MDSC was also 
increased in the bio-HMGB1 and rHMGB1 groups 
(7.50 ± 0.89, 6.40 ± 0.66%, respectively); there was no 
significant difference between the groups. Remarkably, in 
the S-E group, only the proportion of M-MDSC was sig-
nificantly decreased (4.37 ± 0.67%, p < 0.05). The fre-
quency of G-MDSC was also decreased; however, the 
difference was not statistically significant (Fig. 1d). Since 
bio-HMGB1 drove M-MDSC differentiation, arginase-1 
(Arg-1) and inducible nitric oxide synthase (iNOS) were 
detected in the bio-HMGB1 treated group. As shown in 
Fig. 1e, Arg-1 and iNOS expression were up-regulated in 
the bio-HMGB1 group compared with the rHMGB1 and 
control groups. Taken together, these results clearly demon-
strated that bio-HMGB1 was characterized by N-glycosyla-
tion at Asn37 from cancer cells and preferentially drove 
M-MDSC expansion.

Bio-HMGB1 drove M-MDSC differentiation 
from bone marrow progenitor cells via p38-, NF-κB- 
and Erk1/2-dependent pathway

Next, the potential mechanisms by which bio-HMGB1 
could drive M-MDSC differentiation were investigated. 
Published data indicate that p38, stat3, Erk1/2 and NF-κB 
activation are all involved in different stages of MDSC 
development [7, 22–24]. Therefore, p38, stat3, Erk1/2 and 
NF-κB activation were detected. As shown in Fig. 2a–d, 
bio-HMGB1 treatment resulted in a transient increase 
in phosphorylation of stat3, p38, p65 and Erk1/2 within 
bone marrow progenitor cells, peaking at 15, 30, 60 and 
90 min, respectively. To confirm that stat3, p38, p65 and 
Erk1/2 are involved in bio-HMGB1 induction of M-MDSC 
differentiation, U0126, an Erk1/2 inhibitor, SB203580, a 
p38 inhibitor, PDTC, an NF-κB inhibitor and niclosamide, 
a stat3 inhibitor were employed to pre-treat cells before 
bio-HMGB1 or rHMGB1 treatment. As shown in Fig. 2e, 
the frequency of M-MDSC was 5.29 ± 0.35, 4.27 ± 0.55 
and 4.73 ± 0.97% in the presence of U0126, SB203580 or 
PDTC, respectively. The frequency of M-MDSC was obvi-
ously decreased compared with the bio-HMGB1 group 
(p < 0.05). In contrast, niclosamide was not effectively able 
to inhibit bio-HMGB1 induction of M-MDSC differentia-
tion (9.52 ± 0.73%). Furthermore, there was no obvious 
difference among the groups treated with HMGB1 with/
without inhibitors. Taken together, these results clearly 
demonstrated that bio-HMGB1 drove M-MDSC differen-
tiation from bone marrow progenitor cells via p38, NF-κB 
and Erk1/2 dependent pathway.

Bio-HMGB1 facilitated conversion of monocytes 
into TGF-β- and IL-10-producing MDSC-like cells

Previous evidence has shown that PGE2 contributes to the 
conversion of monocytes into MDSC-like cells [25, 26]. 
To determine whether HMGB1 can influence monocyte 
conversion, monocytes were isolated from the spleen of 
BALB/c mice and treated with bio-HMGB1, S-E and S-A. 
The results demonstrated that changes in the proportion of 
MDSC-like cells were statistical significance in the bio-
HMGB1 group compared with the rHMGB1, S-E and S-A 
groups (p < 0.05) (Fig. 3a). Furthermore, changes in the 
proportion of F4/80 cells were also detected. The results 
showed that there were no differences in the number of 
F4/80 cells between the bio-HMGB1 (4.20 ± 0.80 folds), 
S-E group (4.87 ± 0.50 folds) and S-A group (4.12 ± 0.56 
folds), whereas, in the rHMGB1 treatment group, the popu-
lation of F4/80 was obviously increased (7.87 ± 0.50 folds) 
compared with the bio-HMGB1, S-E and S-A groups, 
p < 0.05, respectively (Fig. 3b). The TGF-β and IL-10 lev-
els in supernatant, as shown in Fig. 3c, d, were analyzed 
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Fig. 1  Bio-HMGB1 from MCF-7 cells was characterized by N-gly-
cosylation and drove M-MDSC differentiation from bone marrow 
progenitor cells. a HMGB1 expression in cell lysates and cell culture 
supernatant. MCF-7 cells were cultured in medium for 24 h, then the 
supernatants were harvested, and cells were lysed. Protein levels were 
assessed by western blotting. β-actin was used as a loading control. 
Representative blots are shown. b HMGB1 expression and identifi-
cation of glycosylation sites. Symbols used are as follows: blue box 
N-acetylhexosamine (HexNAc); green circle, mannose (Hexose);  
yellow circle galactose (Hexose); pep peptide. c HMGB1 drove 
MDSC differentiation from bone marrow cells. Bone marrow cells 
were harvested from the femurs of healthy BALB/c mice cultured for 
2 d with 250 ng/mL rHMGB1, GM-CSF + IL-6, bio-HMGB1, S-E 
or S-A; then the cells were stained for Ly6C and CD11b to assess 

the frequency of MDSC by flow cytometry. d Bio-HMGB1 pref-
erentially drove M-MDSC differentiation from bone marrow pro-
genitor cells. Bone marrow cells were harvested from the femurs of 
healthy BALB/c mice cultured for 2 d with 250 ng/mL rHMGB1, 
bio-HMGB1 or S-E; then, the cells were stained for Ly6G, Ly6C and 
CD11b to assess the percentage of MDSC by flow cytometry. e Agr-1 
and iNOS expression in cell lysis. Bone marrow cells were treated 
with 250 ng/mL rHMGB1 or bio-HMGB1 for 48 h; and then cells 
were harvested by lysis. The levels of proteins were assessed by west-
ern blotting. β-actin was used as a loading control. Representative 
blots are shown. C control, I-G IL-6 + GM-CSF, H rHMGB1, B-H 
bio-HMGB1, S-E MCF-7 culture supernatant with EP, S-A MCF-7 
culture supernatant with anti-HMGB1 B box mAb
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among the rHMGB1, bio-HMGB1, S-E and S-A groups. 
TGF-β and IL-10 level were obviously increased in the 
bio-HMGB1 group compared with the rHMGB1, S-E and 
S-A groups, p < 0.05. Taken together, these results clearly 

demonstrated that bio-HMGB1 from cancer cells facilitated 
conversion of monocytes into TGF-β and IL-10 producing 
MDSC-like cells, whereas rHMGB1 preferentially drove 
the monocytes to differentiate into F4/80 macrophages.

Fig. 2  Bio-HMGB1 drove M-MDSC differentiation from bone mar-
row progenitor cells via p38, NF-κB and Erk1/2 dependent path-
ways. a–d Erk1/2, p38, stat3 and p65 were activated during HMGB1 
stimulation of M-MDSC differentiation from bone marrow cells. 
Bone marrow cells were treated with bio-HMGB1. At the points indi-
cated, cells were harvested and phosphorylated Erk1/2, p38, stat3 and 
p65 levels were assessed by western blotting. Representative blots 

are shown above and densitometric analyses below. e bio-HMGB1 
drove M-MDSC differentiation via p38, NF-κB and Erk1/2. Bone 
marrow cells were pre-cultured with PDTC (NF-κB), niclosamide 
(Stat3), SB203580 (p38) and U0126 (Erk1/2) for 1 h before treatment 
with bio-HMGB1 and rHMGB1. The percentage of M-MDSC was 
assessed by flow cytometryRETRACTED ARTIC
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Bio-HMGB1 blockade reduced the frequency 
of M-MDSC in MCF-7-bearing mice and delayed 
tumor growth

In vivo, anti-HMGB1 B box mAbs were employed to block 
HMGB1 on the first day (D1) or on the fourteenth day 
(D14) after MCF-7 inoculation. Following HMGB1 block-
ade, the results showed that the tumor volume was obvi-
ously reduced compared with IgG2 mAb groups and the 
weights were also significantly decreased compared with 
IgG2 mAb groups (p < 0.05; Fig. 4a, c).

Furthermore, after HMGB1 blockade on D1 or D14, 
M-MDSC accumulation in spleen or tumor tissues was signif-
icantly decreased comparing with IgG2 mAb groups, p < 0.05 
(Fig. 4b, d). Additionally, the proportion of G-MDSC was 
also analyzed; however, there was no significant difference 
(data not shown). Taken together, these results demonstrated 
that bio-HMGB1 blockade decreased M-MDSC accumula-
tion and delayed tumor growth in MCF-7-bearing mice.

Bio-HMGB1 was up-regulated and the proportion 
of MDSC increased in breast cancer patients

The bio-HMGB1 level in patients is shown in Supple-
mentary Figure 1a. Levels of MDSC were also analyzed 
in peripheral blood of breast cancer patients. The results 
showed that the proportion of MDSC was 15.61 ± 4.23%, 
which was significantly increased compared to volun-
teers (2.30 ± 0.67%) (Supplementary Figure 1b). Taken 
together, these results clearly showed that MDSC also 
accumulated in breast cancer patients.

Discussion

Increasing evidence supports that MDSC accumulation 
occurs in cancer patients. [1, 27, 28]. HMGB1 could con-
tribute to MDSC differentiation, enhance their suppressive 
activity and be involved in cancer development [28, 29]. 

Fig. 3  Bio-HMGB1 facilitated conversion of monocytes into MDSC-
like cells. Monocytes from the spleen were treated with 250 ng/mL 
rHMGB1 or bio-HMGB1 and then stained for Ly6C and CD11b 
or F4/80 to assess the percentage of MDSC or F4/80 cells by flow 
cytometry. a Changes in the population of MDSC versus fresh mono-
cytes. b F4/80 cell changes versus fresh monocytes; c, d TGF-β 

and IL-10 levels in culture supernatant. The treated cells were har-
vested and cultured in normal medium for 24 h, and then the culture 
supernatant was collected for detection of TGF-β and IL-10. Data 
are mean ± SD from three independent experiments. C control, H 
rHMGB1, B-H bio-HMGB1, S-E MCF-7 culture supernatant with EP, 
S-A MCF-7 culture supernatant with anti-HMGB1 B box mAb
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However, the potential mechanisms by which HMGB1 
induces MDSC differentiation remain unclear. HMGB1 
is mainly localized in the nucleus in almost all cell types 
and can be rapidly shuttled to other sites, such as the cyto-
plasm and mitochondria. Additionally, HMGB1 can also be 
actively or passively secreted into the extracellular space 
following cytokine stimulation, addition of LPS or cell 
death. Furthermore, HMGB1 contributes to the develop-
ment of several inflammatory disorders such as inflamma-
tory diseases, autoimmune diseases and cancers [30–32]. In 
the present work, we demonstrated that bio-HMGB1 from 
cancer cells was N-glycosylated at Asn37. Bio-HMGB1 
preferentially drove M-MDSC differentiation via the p38, 
NF-κB and Erk1/2 pathways (Figs. 1, 2). Bio-HMGB1 
could also facilitate conversion of spleen monocytes into 
TGF-β- and IL-10-producing MDSC-like cells. Further-
more, in vivo, bio-HMGB1 blockade by anti-HMGB1 B 

box mAbs decreased M-MDSC accumulation and delayed 
tumor growth (Fig. 4). However, rHMGB1 did not have a 
similar function to bio-HMGB1. Although rHMGB1 also 
induced bone marrow progenitor cell differentiation into 
MDSC, there was no difference between G-MDSC and 
M-MDSC; furthermore, rHMGB1 contributed to monocyte 
differentiation into M1 macrophages [33] (Fig. 3). All the 
above data indicated that HMGB1 from cancer cells and 
rHMGB1 plays different roles; which may be associated 
with post-translational modifications of HMGB1.

HMGB1 contains three cysteine residues (Cys23, Cys45 
and Cys45); two of these cysteine residues (Cys23 and 
Cys45) can form a disulfide bond, and all three are sensi-
tive to oxidation status in the environment. Therefore, the 
three major HMGB1 isoforms have been termed ‘disulfide 
HMGB1’, ‘thiol HMGB1’ and ‘oxidized HMGB1’ [32, 34]. 
The thiol isoform is a chemokine-like molecule, located in 

Fig. 4  Bio-HMGB1 blockade decreased M-MDSC accumulation and 
delayed tumor growth in MCF-7-bearing mice. a, c Tumor volumes 
and weights. b, d Frequency of M-MDSC in tumor tissue and spleen. 
The frequency of M-MDSC in tumor tissue and spleen was measured 

by flow cytometry when mice were killed on day 25 or day 41. Each 
group comprised five mice. H-B HMGB1 blockade by anti-HMGB1 
B box mAbs

RETRACTED ARTIC
LE



399Cancer Immunol Immunother (2017) 66:391–401 

1 3

the nucleus and passively released by necrotic cells; the 
oxidized HMGB1 isoform is released by apoptotic cell 
and currently considered to be noninflammatory, while the 
disulfide HMGB1 is actively secreted by cells following 
external stress and is the main isoform found in the extra-
cellular space and in serum. In the present work, we also 
identified that HMGB1 from cancer cells is the disulfide 
form. As a proinflammatory cytokine, this isoform could 
activate macrophages/monocytes and other cells and could 
be involved in inflammatory diseases, autoimmune diseases 
and cancer development.

Since there was no novel isoform existence; whether 
HMGB1 had undergone other modifications apart from 
phosphorylation, acetylization and ubiquitylation [11, 35], 
which are mainly associated with its’ secretion or shuttle 
between nucleus and cytoplasm. In the present study, we 
found a novel post-translational modification of HMGB1: 
N-glycosylated at Asn37 in the serum of cancer-bearing 
mice and patients and in the culture supernatant of cancer 
cells (Fig. 1). Furthermore, we also found that HMGB1 
secreted by monocytes/macrophages under external stress 
had two N-glycosylation sites: Asn37 and Asn 115. N-gly-
cosylated HMGB1 (Asn37/115) contributed to macrophage 
reprogramming as well as cardiac fibroblast activation 
and collagen expression (data not shown). Data described 
here indicate that N-glycosylated HMGB1 produced by 
cancer cells functions as an inducer of MDSC expansion. 

Of course, further work will be needed to confirm the pre-
sent function of HMGB1 associated with N-glycosylated 
at Asn37 in future; for example, whether N-glycosyla-
tion HMGB1 can bind advanced glycation end-prod-
ucts (RAGE) [36], or exogenous toll like receptor 2/4/9 
(TLR2/4/9) [37, 38] and CD24/Siglec-10 [39], and whether 
other potential receptors exist.

Conclusions

Bio-HMGB1 secreted by cancer cells drove M-MDSC 
differentiation from bone marrow progenitor cells via the 
p38, NF-κB and Erk1/2 pathway and facilitated conversion 
of monocytes into MDSC-like cells; in vivo bio-HMGB1 
blockade decreased M-MDSC accumulation and delayed 
tumor growth (Fig. 5). Furthermore, HMGB1 up-regulation 
and MDSC expansion were also found in breast cancer 
patients; which indicates that HMGB1 is a potential thera-
peutic target in cancer.
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